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film with a sheet resistivity of 30 k/sg. Bulk ultrasonic measurements
in the ferromagnetic superconductors'ErxHoi xkIh4134"mdiiate that spin
phonon interaction increases in the superconductlni state of these ternary
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to the superconducting transition temperaLure I(: Vd yield 2A(0)
4.2 kl-c A theoretical model is being invIe,tigattr~if I,, ascertain if it
will resolve this apparent discrepancy. - L

1he research goals and objectives o t Ii. invo,,ti ,iation will remiain
the same. No significant reorientaLion, it II j .iI i for the f' 111d

and third years of this research project.
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RESEARCH OBJECJIVES AND APPROACIIS

The objective of this inves Ligation i to If-'ri ze th in lih yer

conduc tors ,-.1h surface accoustic waves wt i,.jiring the f phonion

interactL i on i n thin f i lois, the Leiilpuratui I doI 0II(t of tire supe ( ij (I y

energy gap and the elIect ron molin f ree pa t liI' ? ft I f ilited 1: 1, ii / '

possible to 1e t erm in e t he fx i t en e of v o 'I 'r x 1)o unrd oi r- i ion~

phous superconductors and the of f uctive eiw n. ,1 ill -,t rong ly I o I i':I ~up er

conductors. By me,-suririg the 1)ie/.oelec tr i ' I in Ig the Sheet r, i J. i ty

of granular flis it may be possible to dtlit iii'i l ie zet distribution of the

granules arid the distribution of- tfhe coup hrl'. ji-ariules. S u rf ac(-e

acoustic wave, measurements of Josephson junt t ioi nettworks may lie cocre latehd

with their signal processing properties. SAtv! iieasureiioerrt of superconducting

superlattice films may provide information about the, mechanical properties of

these films. Measurements with bulk waves wiJ I I provide information about, spin

phonon coupling in magnetic superconductors and electron phonon interaction in

the transition metal superconductor's.

ACCOMPI ISHM!ENTS

Both the dc electrical resistivity arid the ',urf ace acoustic wave (SAW)

attenuation coefficient were measured in the '%uper orifucting state of' a

granular lead film as a function of an app] ied magnetic field normal to the

film plane at several constant teniperatures . in irn-ilyJis of the data based on

our flux model appears to yield type 11 niajiel i/it ion c.urves with upper

critical f'ields for this granular lead f i Iii oAJ hi ii' is, high as 60) K i,

and lowur critical IFields of about. 20 K fn'' I'V
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We have evolved a theoretical mode I lit i ito account rutiur;i hI /a-

tion to ex.I lain the experimental di screpal n hi I, ipelrconduct ri ' .i

between the SA11 attenuation in L NbN f ii n ! ,-il d ,i,[ resistivi ty.

The fi lii; fin a BCS transition Letilp raturi W aimiiI , K, arid a oAlr i

ThouIess I rans i Lion temperature of 5 K, ind a or ii il Lte shee L resi Liv i ty

of 30 K,'/s . An exact sol ut ion has been I ound i cr I t i' renorma Ii /ed (li I J,

tric furit ion of a two dimens ional superconIi(. or .i i (h has Koster i /

Thouless flux line dipoles.

Bulk ultrasonic measurements in the serie,, of f erromagnetic SuIjjr-.oridiJc -

tors ErX Ho 1 Rh 4B4 (received from Dr. Brian flaple, 11(750) appear to ind; ate

that spin phunon interact ,i is supressed by c y. I, liine electric I i , i ., !t;i l

superconduc t iv it y screens these fields pern it tiny the interact ion tu .ip,,,r

This may be the reason for the increase in atte:nu aLion that we have, ob' ervd

in the s upertonductiny state of these Lerliart r'oiiyo1unds.

Ultr,.,ornic measurrmentI on very pure vanadnniu y 1ingle crystals (ruceived

from Dr. F-rederick Schmidt, Iowa State University) exhibit data simildr to that

found for pure crystals of Nb, Pb and 11 . Ana lysis of the low temperature

data yield' a zero temperature energy gap 2A(O) that, is very close to the

BCS value of 3.5 kT while analysis of the high temperature data close to

CCthe superconducting transition temperature I cyields a larger value for

2A(O). For pure single crystals of vanadium we find this value to be

2A(O) - 4.2 klc. It may be that a model baed on the effect ofC

renormalizuiion in the superconducting state may be able to explain this

discrepancy.

One paper has been submitted to the Ili:s ii al lteview, one paper to Phys.

Rev. Lettevrs and another is be ing l)repare(l ,t hii ,ih i,.on to the Phy ;ica 1 ...

.r

e~*eSPYN,



Review. Two additional papers have been -,,ilmitted to the International

Conference on Materials and fle:hanis ol '.1jlwtrnhj,.tivity to be held in Ames,

Iowa on 'May 29-31, 1985. And, &;i invited 1).,pe r iiid L', cont-ributed pdper-s have

been subi itLed to the Eighth lInel rnaLionl i.iiif r , i InLernal fr ition and

Ultrasonic Attenuation in Solids to be h Id it lllhenI:, Illinois (e, jljil, :1-6,

• .-. "1985.

FORECAS1

lhe re,,,arch goals and obj.ctives of thi . irv,',iij,1Lion will r.utin the

same. Ili. K riiher of (Jraddu, . r,,earc h a', i I i 1-t, viI I loie maintained i L the

same Ite' o, 1 1 fhe rate of xnrid itu re of Iun( k I expec ted to continue at the

propu.,,dI eve I . No sign ii cant reori enta tions a re anticipated for the second

and third years of this research project.

When the equipment provided by 1OO -URIV beauX. Wl. 134-0221 is assembled it

will be pi(ssible to carry out these measurements (lown to sub millikelvin

temperatures and up to frequencies of 4 Gl1z. lie dilution refrigerator has

been ordered from Oxford Instruments and is expected in a few month-,. the

automatic velocity and attenuation measurement apparatus up to frequ'ncies of

160 MHz has been ordered from Matec. A schemi, i c and I list of the eqi i pent

necessary to extend the frequency range pil) to I (ill/ i5 being designed in

collaboration with Matec and is;ombled al 1111H1. ',wril option'; for o co'mputer

to inlerfa(e with this equipment are lieirtq inv(i't iiId. Blecause of di'l*y'. at

the manufacturers, an additional cost exti',l io Ieyond 15 July 8) will be

necessary and has been requeste..

w °

- - .. . . . .
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TECHNICAL. PERSONNEL

In additLion to the principal invest 'jator, the fol lowing ijraduritc students

havo worl: ed and will be w~ork ing on this q riiii. I he uli e rs i y has ,upiipo rted

soriv of" them is part of their match j l c ou ii 1nwi II

Full i~

Mr. Andk- s hS~lens tront ( Sen ior Graduaite h-e, irc h Assis tan I.
1 heoretical renorm~ai '/at ion model for ocoirAo -

elec tric effei: r in J;ijwr'~oriducting HbN, aind SAW
inIveStigation l O Jrainiitir f ilnts and supjrlai[ices.

Mr. Jeff Srltiniidt (Seri!or Gra dii ,Il1"0 1 Nert 11 ASS istint)
SAWv invest! ji q 1in of lpira Ia r Pb fiiv iiiad
amorphous; f i hn

Mr. Ki'n <ur Sun ('a'niior Gradiutle. Nwxi'a h [Issistarit)
U it r,i,,onic irivi't ij1ot inni of ternary for r-oiIa(Jnetic
superconductor' arid 1Pure Vanadium s inqle crys tals.

Mr. Roy WJiieert (Senior GradnL' kseic Ass isianL)
RC "porlVel W' I 'h o e Ii~ i I~ dutoirat it ii Iri e,onic

(1000-UR1) Granft INti. 10 0221)

Part I i i.':

Mr. Hluqto.'; Pierre Baum (junior Grdual~ii e li's.arch Assistant)
Wil11 work on layered I'oripounds , strong ou C-1 e1d
superconductor,,, and Al superconduc tors.

Mr. Qianty Qian (Junior Gradutte Res;earch Assistant)
Will work on dilu tnt on reqr'igerator.
(DOD -URIP Grant No. 831 0221)

Mr. Dale Walikairren (Junior Graduate Resear~i Assistant)
Wil11 work on Josephson coup led superconduuctLing
arrays.

Mr. Min I 'riq Xu ( Jun ior Gradna e Ri'siear( h Assistant)
* WilIl work on , inyle (:ry, l~i I vanadijumn, ternary

alloys and clii''' iel pha e unpe rc ondutLor,-



SCIENTIFIC _INTERACTIONS

1. Nb 3Sr arid --Nb 3Ge F i lms

For our rsearch, Dr. Ilobet t Itafliiiond, , 2 aii eli e'.itJ iI Ut

to depos it Nb Ge t i lmii of) 1111.u6u (111 l Ili k 0 - !I- I s I I e i as l i I II
3

attempt to deposit NI) 3 Sii ji '.id 1  G, Ic I Ithi 1,

&2. lerna. * A I yj

Polycrystal line Samples of Hto I r li tv K li i Vn obtained I tori

Profe-ssor Brian Maple, IJ.C. San flieqo. H .Hj hv n ei

tranHsition temperaiture that is dt .I A 1 ILh c r y- , I.

The ref ore, the interplay Lbetween t er r (oIA.( i .11 an' s upe rcoral lv i Ly cain

be more easily investiae ultrasonhl( ]ly.

3. Amorp)hous Superconductors

We h a ve ob ta inted ( rom V ro f es,'o)r ITed Cjeha Ie u a d k obe rt Hammond , jLai rif o rd

University, amorphous molybdenum f ilm LaIl i/od with a small anmounit of

niobium, which were deposited on quart/iand] lithium niobate substrates.

Tinterdigital electrodes will be deposited on the substrates arid

preliminary measurements will be init iAtd.

4. Tin Based Ternaryv.Sir le-Crystals

We obtained from J. P. Remeika, Bell I aboratorio,;, single crystails of tin

based ternary single crystals that are both wIgilit~i and supcrcoriduct ing.

These crystals will permit the transin; in o! hi~jher fr-eque(.nt ies, thajn in

the po lycr ystal line ternairy alloys. 1 ha Ii iqeurfy dependence (A the

attIenuni iion coef fic t d iould like i I i i ls i rep isl( 1' di itl i

(Iiff rin models that have been propoil(- 1) cqiiri the Observed 'ftetts.

Initial attempts at pol ishirng the ',i I lVi''u them tO be' uxtrtrie ly
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bri ttl Ie. New samples have been obtiined 1o 1. . Remeikd. A I)probe

has been builit and tested for these w vit ii ti Pr'e irnin~iry inur

ment% have been perf orme)d but the cr7', t I .1 ii I (o niot aippear idt-quate

for obtaining ultrasonic dalta.

5. Sirie Crycstals of the TernaryAllIoy,.

Cont i nued di scussions witLh Dr. David 11lnk'., A r'jotn10 Nat ionail I abhora tory,

comiuriiflg the possibil1ity of obtainirij 'M(Ak V rystalS Of the te.rnlary

-loy.the first crystals will be of It"ikl I~ Ifese c rys taIs%, will

so he riwcsured with the loe3 probe.

6. Si in 1e Crystal of _Cu Ili-()S

Cot rcesponidence with lDr. Renee FlIukiyer, '') Iid 1,1 te Insti tute, Karl sruhe,

conc:ernling the possibilIity of obtain iiq .i i irij 1( crystal of Cu Ho S
2 0

was conducted. He has grown such as c-rys)tal and hopefully it will be sent

to us for- characterization.

7. Array of Jophson _CoulpedSupecondu(:tIor',;

Discussions were held with Professor R. S. Nt',wrock, University of

Cincinnati, concerning the deposition of an array of Josephson coupled

superconductors on a piezoelectric substr'ate. Interdigital electrodes

will then he evaporated on this substrate in order to investigate the

array with surface acoustic waves in the 100 NHl, frequency range.

8. Fil1.ms of -Va 3Sn

Discus, os were init iated w-i th D r. John ('a va I er', 'Wes t inghouse , ont

obtajin Ing thin f ilms wh ich will he me,urcl wi I hs urface acoustLic- waves

Iwo %,if,, trAois cover ed vii tir f i ims have, hti oft1 a1 irod.
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9. Artificially Produced Superlattice

Discussions were initiated with 1)r. ivon S1,uijI 1I , Aryonne tl~inaI

Laboratories, about the posiility Wo1.*t 1iw ,tjj'~ucrlatLic(,- tBP N1rb

and Cu in order to investi~j,&- Ihieir, 11f1 1with v rf0

SIcowh1tic k5 ives. Simu ilr tii5Ll155 jotr Iii- 1 .. ?I1 l'Iur(-.5o od ( Ij le

Mid !Lr. Roert Hammondu !ni so ori Un i' ~.t lii uo

t r J( tw ('s of Nh and /I-.

10. 19 t. i Ul1t raso n.ic_ S';i os i urw

On INovt-iinbr'r 14-16 chIIa ire d ,ession a t I hc 6o 1 1, 1 x con I rffc

11 . V isit t o Plhys-ic s _Dep1)a-rli 1, Uni)ver av i I o sl ib

Prueseniled seminar on November 20, 198.1

"Surface Acoustic Wave lrvesti(Jation of )upectnductirgi Iu(

Discuss ed measurements on superconduct ing f ilint with Professor D-rt

Ginsberg and measurements, in the nii xcd'up 'unu L state w ith

Profess or Andrew Granato. Visited the low.. temnperature labs an(]dIitc~e

the installation of their dilution ref riijvrator- ; because of the isa i

tion w,,e were plann ing for, our, new refrirotor (flU!) URIP Granrt Nou.

84 02?21)

12. During trd: vel in Europe rfso .viml i ~ to the fol)1 o.-:'1I

12.1 V i s i t to _the I in st i tute of Phys i II Chem i t r v, Po 1i Sh A(, adi eo o f

Sciences Warsaw, P oland

On December 27, 1984 p)resent ed w~ 1icrti

"Slirf ace Acoust.i c Wlaves.

Visli ted the surface st1id ies lahor,,t orI.

*%



12. . Vi t to Swi s I led r, I I] t ij , , , w ti r I I

I J .I nru ary 4 9 , I),' v' i I i .'it i t re I 1) ub r i ili!

d i c ussed t ht ,,:rit . i it S l i i 1t i on ref r-i pj i r-,

i t L Iled at Ie .b L i e .Ii. i t. i t. tan' h Li Ltt I ;

iii't ijrelinents Oil I it i i l il ii i i I i,1 arid di ticus I:. i Lit Dr.

Ana Celia Moa i her r;',,tremenl ,,ti i i iii ity effec 1 t I i -

kelvin temperature . lso di',( lo . I,.;,ics with Pr .'o

Jorgen L. Olsen.

12.3 Visit tothe _.Ilav,!rian Wi 1 th.r i-i, ii t I t ilperature _l,lor tlory,

Munich, West _Germany

On January 7 and 8, i IJH , Prof ,. Ivvyv vi i ted the a I Ihr ;hissner

I w., lemperature I, oratury and I u .,f . It the director, Dr.

Klaus Andre-, the mteri Ls of their( di f,.r ri large di lution refri-

yerators and the adv sabi1ity o1 I ii, 'pm cialized smIal dilution

rt-,f r ierators and us irg superi ivulat i.d i( war, for these sinaI I refri -

yerators in order not to require I ii I n i trogun in their operation.

13. 191.5 I.1 E Ultrasonic .SJjnposium u

Merri)e r of tl- pro raim comiit tee of t tie oi fere ri i t o )e he ( ii i ar

Frdncisco on October 16-18, 1985.

14. March Meeting of the Aerican Ph _.Ical SUociety

Attended the conference on March 25-2) 195 which was held in Baltimore,

Mary 1 a rid and cha i red a ses s ion on "Sut rc und it I iv i ty: Al 5 Compounds .

Hel d 0'cussions with 1rotI so r fed hLi le , ,i n Dr. Robert Ilaimnd,

Stanford University, cormiroint] supcr1.0t i it , nt Nh and Zr. Il, li

discussions with Dr. John G(avaler abt , iliu'i irnj omie of their pure Nb



s i rig I e c: rys ta 1 f i nIms i it orcle to i ) i i 1 1 wl I rifd tK i UI) d T r " )n .. t.h

A IS C ur-colduct i ny t K'; I,: 1( 41'I .. 4' ) -~ Iw.

A r-(,r ~rio Niit ionalI I a r'a t~r c 101 ti hr o. u.. L .:CI I o f r i 'I1

t h.i vj II 1-1 ittemipt i r j t t Jr'u. I A) II . ' I IIrdo a / I o' r

i L ror1ir.s sor F . N!Jrmrk h i , (. i w t cii,4 C II, Iik u J(.'r

(I c 1 ; 4 , d ,r ra ys I her.y are yjo 1 fi to tr i C ' I I 11) L Ibil L l' 0 1,4.

pruliji, e these arrays . D i sc ws ed i l Cl aII Ita the < 1.

oi ui~k irg surf ace jicow, t i c wave meta, ur 'iw it I oii ', yt cIns whIi ch a (I o thre

I irrtjt ujwrrconduct i rig proximOity ef fu I. [Lhot Ilire I(.efnlt1y d i ,co'' 4 i.

Cur u Iund d is cu,;s i onrs wi th 1)r . Jim in i I h ,~ I l Aiwu la bo rdatocy , Iu) ll

the ('ihi 1 ity of rrI'Min iraq heavy I ercirJri mw I,_lornduc ti rig c ryut LV f rom

hn ::. I or rI L trajson iL i;k'I "rUII t'1it s. D i ,i (I i,, en ourt huIk. via ve wrea sure Lts on

trw I r riiry sujpercoriduli.ttr' ind our SA1C! iiwwur Krr.'it~s on graru lar' ,uper

(,t' vir w th Or. i'wiu ietard i NoaI iwua I I, i vau of' Stndar 0;
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